Introduction
Cephalometric radiographs have been used for many years to evaluate facial growth and development. [1, 2] Cephalometry enables analysis of dental and skeletal anomalies as well as soft tissue structures and form. Many studies have assessed the anatomic conformation of the upper airway with more sophisticated and expensive techniques, including cine-computed tomography (CT), [3] fluoroscopy, [4] acoustic reflection, [5] fiberoptic pharyngoscopy, [6] and magnetic resonance imaging. [7] Cephalometry is, however, less expensive, more useful, easily achieved with reduced radiation, and correlates with other investigations such as CT or somnofluoroscopy carried out during wakefulness or sleep. [8, 9] Cephalometric measurements of the posterior airway space, although a two-dimensional analysis, have proved very reliable in diagnosing pharyngeal volumes. [10, 11] Posterior airway space, as measured by lateral cephalometric radiography, was highly correlated with measurements using three-dimensional CT scan, with a 92% accuracy in predictability. [12] Many authors have used cephalometry for assessment of the airway in craniofacial syndromes, [13] [14] [15] [16] in patients with obstructive sleep apnea (OSA), [11, [16] [17] [18] [19] [20] [21] [22] [23] and following orthognathic surgery, [24] [25] [26] [27] [28] [29] and for evaluation of the airway in various dentofacial deformities. [30] [31] [32] Understanding of the upper airway in normal subjects can assist management of OSA syndrome and in identifying potential sites of obstruction of the upper airway after surgical correction of dentofacial deformities. Cephalometric measurements of the airway vary according to ethnic group and sex. Therefore, the purpose of this study was to carry out a systematic, cephalometric evaluation of the upper airway in a large group of normal subjects in order to establish cephalometric reference values of the upper airway in North Indian population.
Indian, normal visual harmony of facial and skeletal profile, and normal dental occlusion (Class I), with 2-4 mm of overbite and intact dental arch. Exclusion criteria included previous orthodontic treatment or corrective jaw (Orthognathic) surgery, active periodontal disease, habitual snoring, habitual mouth breathing, obesity or assessed as clinically overweight, OSA, chronic respiratory disease, previous tonsillectomy and/or adenoidectomy, pathology in the area of study (e.g. nasopharyngeal carcinoma), and irradiation to the head and neck area.
Cephalometric analysis
Lateral cephalometric radiographs were taken using a standardized technique, with the jaw in centric relation and the teeth in occlusion, the lips relaxed, and the head in the natural head position. The subject stood with the sagittal plane parallel to the film and with bilateral ear rods gently inserted into the external auditory meatus to stabilize the head position during exposure. Two types of X-ray machines were used. The older was a General Electric GE 100 (General Electric Dental Systems, Milwaukee, US) and the films used were Kodak Ortho-G 24 × 30 (Eastman Kodak Company, Rochester, US). Distance from the anode to the mid-sagittal plane of the patient was 150 cm, while distance from the mid-sagittal plane to the film was 13 cm. The newer machine was a Philips Orthoralix SD (Philips Medical Systems, Monza, Italy) and the film used Kodak Ortho-G 15 × 30 (Eastman Kodak Company, Rochester, US). The mid-sagittal plane to film distance was 15 cm with this machine.
All films were processed under standardized conditions. The magnification factors of the lateral cephalometric radiographs taken with the older and newer X-ray machines were measured separately and corrected for the later cephalometric measurements on the processed films. The magnification factor was measured by the following formula:
Where X is the radiopaque ruler used when the radiograph was taken, and X' is the figure measured from the magnified ruler on the radiograph.
Landmarks and measurements
The reference points and lines used in the analysis are shown in the Figure 1a and b and Table 1 provides a description of the landmarks used, while Tables 2 and 3 give descriptions of the measurements undertaken and the relevant abbreviations. The methods of measurement used were a modification of those used by Lyberg et al., [20, 21] and have been widely used in other studies. [22, 23] Seventeen variables -including 12 linear distances, one angle, four-area measurements, and three ratios of area values were identified and calculated for each cephalometric radiograph on the basis of their clinical relevance in determining the patency of the nasopharyngeal, oropharyngeal, and hypopharyngeal airway space. The tongue All lateral cephalometric radiographs were scanned by an HP ScanJet 4C scanner (HP, Guangzhou, China). The image was visualized on a 1280 × 1024 noninterlaced monitor. The landmarks were digitized, and the Frankfort plane was used as the horizontal plane during the measurements. Linear, angular, area, and ratio variables were measured and analyzed by computer software designed for that purpose. [33] The digitization and measurements were performed by the same investigator.
The magnification factor was taken into account for each cephalometric radiograph. The computer used in this study was an IBM compatible 486/66 D2 CPU-based personal computer with 16 MB RAM.
Reliability and error analysis
A random sample of 30 scanned cephalometric tracings were selected and digitized. The measurements were completed twice on two separate occasions, 4 weeks apart, by the same investigator. The mean value of the variables measured on each of the two occasions was compared using paired t-test to detect any systematic error in measurements made.
Statistics
Cephalometric variables for male and female subjects were compared using the Student's t-test and P value less than 5% was considered as significant. The statistical package used was the Statistical Package for Social Science (Windows version 6.0; SPSS Inc., Chicago, US).
Results
A total of 90 males and 90 females were included in the study. Males ranged in age from 8 to 16 years, and females from 8 to 16 years. The results of the error analysis found no significant difference between any of the paired measurements. The values for cephalometric airway measurements in males and females are compared in Table 4 . Fourteen of the 20 measurements demonstrated a significant difference according to sex and overall, larger values was recorded for male subjects. The measurements for which no significant differences were seen between males and females included NL/PM-U, U-MPW depth, PASmin, and the three ratios of the area measurements TA/OA, (TA + SPA)/NOPA, and (SPA/NOPA-OA).
Discussion
This study contained a group of North Indian subjects based on their clinically normal facial profile and dental occlusion, and the absence of any reported abnormality of the upper airway. The cephalometric measurements of the upper airway in this group are thus appropriate to use as normative data for future comparison. In that study, cephalometric measurements of 180 normal subjects were analyzed to determine normative data for the North Indian populations. These researchers used the same measurement method as the current study and reported similar results.
In this study, the variables which did not demonstrate sex dimorphism were: PM-UPW, PASmin depth, and the ratio of TA/OA. This last finding is difficult to explain since one would not expect to see sex dimorphism of angle measurements or ratios. In the current study, all measurements bar six demonstrated sex dimorphism. The exceptions were NL/PM-U, U-MPW depth, PASmin, and all three ratios of area measurement. The two further variables that did not demonstrate sex dimorphism was the U-MPW depth and PAS min. These latter measurements are directly related to the patency of the airway, being the predominant levels at which the pharyngeal airway is reported to narrow in OSA. [10, 12] Furthermore, oropharyngeal depth is the most variable measurement in the pharyngeal airway. Several studies in patients with OSA have demonstrated a significant reduction in two-dimensional and three-dimensional measurements at the oropharyngeal level, although this was not a consistent finding across subjects. [16, 17, 34] Two further measurements of clinical relevance to the patency of the airway are the PM-UPW depth and the V-LPW depth. It is evident from this study that although the majority of airway measurements demonstrate sex dimorphism, those that are most important to the patency of the airway are not dimorphic. This suggests that a minimal sagittal dimension of the upper airway is required for a normal patency.
Bacon et al. [35] used 40 normal subjects aged between 20 and 26 years (mean age, 23.7 years) as a control group in the cephalometric evaluation of pharyngeal obstructive factors in patients with OSA. These researchers reported the mean soft palate length in the male control group to be 38.7 mm (standard deviation [SD], 3.2 mm). Riley et al. [11] reported a normal soft palate length in Caucasian males of 37.0 mm, while our results indicate a soft palate length of 34.3 mm (SD, 3.9 mm). Hochban and Brandenburg, [34] in a cephalometric evaluation of OSA, reported the following measurements from their control group of Caucasian Lyberg et al. [20, 21] performed cephalometric analysis of patients with OSA and reported the norms obtained from the control group of Caucasian males (n = 10; mean age, 23.6 years). They reported a magnification factor of approximately 6% but did not correct for this in their measurements.
Neither of the studies conducted by Lyberg et al. [20, 21] included females as control subjects. Cephalometric norms for nasopharyngeal measurements were also reported by Poole et al. [36] Norms were calculated for various ages (6 and 16 years) and both sexes, and found to vary according to age and sex.
In establishing norms, however, these researchers used a random sample of patients for whom the presence or absence of nasopharyngeal obstruction was not known. In addition, Thus, although a small number of studies have made cephalometric analyses of upper-airway measurements, these had notable limitations and reported results are not directly comparable to the current study for the following reasons: 1. The majority of investigations did not use a control group and hence lacked reference measurements for the norms. Rather, comparisons between two or more abnormal groups were made (such as OSA with postsurgical groups) in order to identify changes in upper-airway measurements 2. The magnification factor in many of these investigations was either not considered or not reported 3. The majority of studies did not include female control subjects, as most studies related to OSA which predominantly occurs in males. [37] This limits comparison of measurements across studies, the results of which cannot be presumed to be applicable for the diagnosis of abnormalities in the North Indian population
In the current study, detailed cephalometric analysis of the upper airway was conducted, with due consideration of the magnification error for each cephalometric radiograph. The findings showed that there were significant differences between males and females in the size of the tongue, soft palate, nasopharynx, hypopharynx, and oral cavity, and in the relative position of the vallecula and the hyoid bone.
Conclusion
Cephalometric norms for the pharyngeal airway in the North Indian population have been established in this study.
Significant sex dimorphism was evident for measurements other than oropharyngeal depth of the airway, minimal depth of the airway, and the soft palate angle, suggesting that a minimal sagittal dimension is needed for a normal patency of the upper airway. Data derived from this study should thus prove useful as a reference for the assessment of OSA and other conditions in the North Indian population.
